AbstrACt
Objectives Nurses are generally found to be vulnerable to burnout, but nurses working in cancer care are even more so, since this profession is characterised by continuous confrontation with suffering and death. This study was designed to identify cut-off scores for job strain, that is, low job control and high job demands, for a sample of nurses working in breast cancer care. The main goal was to find cut-off scores, which predict the risk of nurses of developing a mental disorder from high job strain. Design The design was a cross-sectional survey study. setting The study is based on an employee survey in breast cancer centres in Germany. Participants 688 nurses received a questionnaire; 329 nurses from 33 hospitals participated in the survey (return rate: 50.2%). Primary and secondary outcome measures Dependent variable: psychological well-being, measured by the WHO-5 Well-being Index; independent variables: job control and job demands, measured by the Job Content Questionnaire (JCQ). results Multivariable analysis indicates that low job control and high job demands are prognostic factors for low well-being. In a receiver operating curve (ROC) analysis, the cut-off scores, which demonstrated a maximum Youden index, were 34.5 for job control and 31.4 for job demands. The combination of both scales from a logistic regression analysis resulted in an area under the curve of 0.778. Sensitivity and specificity are 70.3% and 74.2%, respectively. The total of correct classification was 63.3%. Conclusion The determined cut-off scores indicate that there is a risk of becoming psychologically ill from a high workload when an individual reaches a score of ≤34.5 for job control and ≥31.4 for job demands. The described method of establishing risk-based cut-off scores is promising for nursing practice and for the field of occupational health. Transferability and generalisability of the cut-off scores should be further analysed.
IntrODuCtIOn
The association between job characteristics and health outcomes of employees has been a key issue in occupational health research. [1] [2] [3] [4] [5] There are well-established models which provide theoretical grounding for this association. The Job Demand-Control (JDC) model is one of the most influential models of work-related stress. Karasek hypothesises in this model that the interplay between job demands (ie, physical and psychological job demands) and job control (ie, skill discretion and decision authority) affects an employee's health outcomes. According to the model, the greatest risk of illness due to stress occurs in workers facing high job strain, defined as a combination of high job demands and low job control. 6 The buffer hypothesis states that job control can moderate the negative effects of high demands on well-being. A classification in four groups can be made: 'no strain' (low demands/high control), 'active job' (high demands/high control), 'passive job' (low demands/low control) and 'job strain' (high demand/low control).
Working in a high-strain job appears to be associated with lower general psychological well-being, lower job satisfaction, more burnout and more job-related psychological distress. The JDC model has been proven in a multitude of studies. [6] [7] [8] [9] strengths and limitations of this study ► To our knowledge, this is the first study to determine risk-based cut-off scores for Karasek's Job Content Questionnaire (JCQ) scales. ► The study sample is multicentric and population-representative. ► The study scales JCQ and WHO-Five Well-being Index are widely accepted and validated instruments. ► Missing values in certain variables might limit the reliability of the results. ► The study's cross-sectional design limits the value in supporting causal effects and generalisability of the results.
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Nursing is widely assumed to be a physically and mentally exhausting occupation. Nursing professionals often suffer from negative health outcomes due to chronic work-related stress. [10] [11] [12] [13] [14] [15] As a result, burnout and mental illness is a common phenomenon in nurses. 16 Previous studies on stress in nurses have demonstrated positive correlations between stress and negative health outcomes. [17] [18] [19] [20] Nursing in cancer care has been identified as a particularly stressful occupation, since this profession is characterised by continuous confrontation with suffering and death. 21 22 Feeling the helplessness linked with the need to maintain an empathic relationship with patients who are suffering from cancer often leads to particularly stressful and demanding situations. 22 The demographic changes and the financial pressure in the healthcare sector further lead to a shortage of nursing staff. Therefore, nursing professionals often have a heavy workload to bear. Mental illness in nursing professions is therefore an important problem that organisations must consider in order to prevent absenteeism due to high workload and to ensure a high quality of care. 15 22 To analyse psychological well-being, the WHO-Five Wellbeing Index (WHO-5) questionnaire has been developed, which consists of five items. To investigate associations between job characteristics and health outcomes, the WHO-5 has often been used in the field of occupational stress research. 23 The diagnostic accuracy of the WHO-5 has been tested in various studies and cut-off scores for the WHO-5 are well established. 24 A score below 13 indicates poor well-being and is an indication for testing for depression under International Classification of Diseases, Tenth Revision. 25 In practice, there are currently few validated instruments that predict when a health risk exists due to high workloads. Determining cut-off scores for the Job Content Questionnaire (JCQ) can serve to develop early warning indicators to address work-related health risks at an early stage. To our knowledge, there are no cut-off scores yet established for the JCQ. Therefore, this work had two main goals: 1. Analyse the association between job strain and well-being in a group of nursing professionals. 2. Determine cut-off scores for the risk to nurses of developing a psychological illness because of high job strain (ie, low job control and high job demands). The main research question was as follows: How much workload in terms of high job strain can nurses endure before well-being declines below a psychologically critical threshold?
It was hypothesised that job control has a positive and job demands a negative effect on psychological well-being.
MethODs

Design
For the purpose of this paper, we used data from the completed scientific project "introduction of breast centres" (EBRU II) (secondary use of data). In the context of the introduction of the breast centre concept in North Rhine-Westphalia (NRW), the project EBRU II was conducted to provide information on the implementation of requirements, on the staff's perspective and on potential relationships with the quality of care as perceived by patients with breast cancer. The project included a survey of key persons and a survey of the staff involved in breast cancer care. For the purpose of the study, we used data of nursing professionals involved in patient care, since nursing is widely accepted to be an exhausting occupation with low job control and high job demands. 10 11 17 The survey received ethical approval. From November 2010 to March 2011, a postal survey was sent to the employees working in the units of 49 breast cancer centres in the most populated German state, North Rhine-Westphalia. All employees involved in caring for patients with breast cancer received the questionnaire, additional information on the survey as well as a consent form.
Breast cancer centre hospitals are predominantly concerned with the treatment of patients with breast cancer. A breast cancer centre can consist of only one hospital or it can be a collaboration of hospitals. The breast cancer centre units' management provided us with lists of names of all employees presumably involved in caring for patients with breast cancer. These lists contained diverse employee groups, for example, various physician specialists, nurses, supportive care professionals (eg, physiotherapists or social workers). The survey was designed according to Dillman's Total Design Method, with four contact attempts being made. 26 
Participants
For the analysis, we used data from 329 nurses from 33 breast cancer centre units, derived from a cross-sectional survey (EBRU II). Nurses in breast cancer care are specialised in the care for patients with breast cancer. The selection of the sample of nurses is presented in figure 1 . Of the 2245 hospital employees named on hospitals' lists, 688 were nursing professionals (gross sample). Thirty-two nurses dropped out because they were erroneously included in the gross sample and 327 nurses did not participate or answered less than 30% of the questionnaire (see figure 1) . A total of 329 nurses completed and returned the survey questionnaires (response rate: 50.2% of the net nurses' sample). The nurses' characteristics are shown in table 1.
Measures
Data for the employee survey were collected using the ''Employee Survey in Centres'' questionnaire (German abbreviation: MAZE). 27 28 The MAZE questionnaire is based on an established German instrument developed and validated by Pfaff et al. 29 It includes questions on work organisation, working conditions and health consequences as well as on sociodemographic characteristics. To control for differences in nurses' characteristics between hospitals, we included data on age and employment status (permanently Open access or temporarily employed). This was not controlled for gender due to 98% of our sample being female.
Dependent variable
Psychological well-being was measured by using the German version of the WHO-5. 30 The WHO-5 is a self-administered questionnaire that measures current mental well-being. It covers positively worded items, related to positive mood (good spirits, relaxation), vitality (being active and waking up fresh and rested) and general interests (being interested in things) and includes the following five items: (1) feeling cheerful and in good spirits; (2) feeling calm and relaxed; (3) feeling active and vigorous; (4) feeling fresh and rested when waking up; and (5) feeling interested in day-to-day activities. Each of the five items is rated on a six-point Likert scale from 0 (=not present) to 5 (=constantly present). Scores are summated, with the raw score ranging from 0 to 25. The time frame is the previous 2 weeks. In the present study, internal consistency was Cronbach's α=0.883 (see table 2 ).
The instrument is among the most widely accepted questionnaires assessing subjective psychological well-being. It has been translated into more than 30 languages and has been used in research studies all over the world. 24 25 30-33 The WHO-5 has been validated in a number of studies with regard to both clinical and psychometric validity and has shown to be a reliable measure of emotional functioning and a good screening tool for depression. Receiver operating curve analysis (ROC analysis) showed that the WHO-5 adequately detects depression. 33 Evidence suggests that a score below 13 on the raw score and a score of less than or equal to 50 on the per cent score are indicative of low mood and an indication for testing for depression. 25 
31
Independent variable
The JCQ is a questionnaire-based validated instrument designed to measure the JDC model. A charge is made for its utilisation. The authorised German version of the JCQ, originally developed by Karasek et al, 34 was used to obtain nurses' job characteristics. 34 The participants were asked to answer four subscales: psychological job demands, physical job demands, skill discretion and decision authority. Each item had to be answered on a fourpoint Likert scale ranging from 'completely disagree' to 'completely agree'. The values of the subscales 'skill discretion' and 'decision authority' can be added up and constitute the subscale 'job control'. The subscales 'psychological job demands' and 'physical job demands' can be added up to the subscale 'job demands'. Scores are summated with a raw score ranging from 12 to 48. The variables were scaled following the standard formulas of the JCQ user's guide. 35 
Control variables
Several variables were thought to be possibly related to our dependent variable. On this account, the variables age, nationality and employment contract were included in our model to control for potential confounding effects. Sex was not included in our model due to 97.7% of our sample being female.
Age was measured in number of years and, for the purpose of the analysis, divided into six categories (≤29 Open access years; 30-39 years; 40-49 years; 50-59 years; 60-69 years; ≥70 years). Nationality was assessed in three categories (German; Other; Double citizenship). Employment contract was measured in two categories: permanently or temporarily employed.
statistical analysis
The survey data were electronically recorded and analysed using IBM SPSS Statistics V.24 and R. The analysing process was conducted in four steps: (1) descriptive analysis and classification into the four groups according to Karasek; (2) multiple linear regression analysis; (3) ROC analysis to determine optimal cut-off scores; (4) validation of cut-off scores.
For missing data, no imputation was performed. The responses were checked for plausibility. Scales with less than 30% completed items were not formed and the case was excluded. To prevent biases caused by non-random missing values, a category with missing values was included as control variable.
Descriptive analysis and classification of groups according to Karasek
The most common procedure to modify the often-used four-part demand control model diagram is to define employees both above the median on demands and below the median on latitude as the 'high strain group' (job strain quadrant definition). 36 The job strain variable can then be constructed by dichotomising the scale scores at the median of the sample distribution and combining them into a single variable. 37 Four categories can be distinguished: 'no strain' (low demands/high control), 'active job' (high demands/ high control), 'passive job' (low demands/low control) and 'job strain' (high demand/low control) (see table 1 ). The median scores used to categorise between groups were 31 for job control and 35 for job demands.
Multiple linear regression analysis A multiple linear regression was conducted to explain the relationship between psychological well-being, job control and job demands. An association model was constructed with well-being (WHO-5) as dependent variable and job Open access control (decision authority and skill discretion) and job demands (physical and psychological demands) as independent variables. The general idea behind association models is to estimate the relationship between variables as accurately as possible. This means that the effect has to be corrected for potential confounders if necessary. 38 Before model building, it is recommended to check the data for multicollinearity. 39 We tested the data for multicollinearity using intercorrelations, the variance inflation factor and tolerance.
Potential confounding factors (age, nationality, employment status) as well as missing values were added to the regression model. We conducted a stepwise multiple regression analysis with three steps: In step 1, we added the scales for job control into the regression (model 1). In step 2, the scales for job demands were added (model 2). As a third step, control variables were added to the model (model 3) (see table 3 ).
The multiple linear regression analysis was preliminary to the ROC analysis. It was assumed that job control has a positive correlation with well-being (nurses with high job control have a higher value of well-being) and job demands has a negative correlation with well-being (nurses with high job demands have a lower value of well-being).
Receiver operating characteristic ROC analysis was used as an accepted procedure to identify cut-off scores. Cut-off scores are specific values of questionnaires that distinguish between subjects with and without disorders. 25 Higher sensitivity means fewer false-negatives (undetected disorders), whereas higher specificity means fewer false-positives (cases erroneously diagnosed). ROC was developed in the context of signal detection theory and has been adopted for use in psychological and medical research. In an ROC analysis, the area under the curve (AUC) is calculated to determine the diagnostic value of a test. 40 The area under the ROC curve is an indicator of test performance, the sensitivity (true positive rate) and specificity (true negative rate) of each potential cut-off score are calculated. 41 A test with an AUC of 0.5 indicates that the examined instrument does not discriminate between two states of interest (eg, sick/not sick), whereas a test with an AUC of 1 is considered to have perfect diagnostic accuracy. For non-medical procedures, AUCs of 0.65-0.70 are considered good. 40 42 The optimal cut-off score is defined as the point on the ROC curve, which is the furthest from the diagonal. For this optimal cut-off score, the Youden index reaches its maximum. 43 In order to obtain a good trade-off between false-positive and false-negative decisions, the cut-off score which demonstrated a maximum Youden index (Y=sensitivity+specificity-1) was selected.
As a common approach, the data set was split randomly into two parts (2:1). ROC analysis was performed in the first part of the study sample (two-thirds of the sample, 'trainings set'). The predictive accuracy was tested in the second part (one-third of the sample, 'validation set'). This approach is recommended because it tends to give realistic results due to the two data sets being very similar. 44 ROC analyses are used to evaluate how well a system predicts a binary classifier system. In this case, the WHO-5 was used as criterion standard (cut-off score <13). The determined cut-off scores represent a specific value of the raw score of job control and job demands and are used to distinguish between employees with or without a risk of becoming psychologically ill from a high job strain, that is, low job control and high job demands. New variables were formed by dichotomising the subscales into above the cut-off score and below the cut-off score.
After determining cut-off scores for job control and job demands, we conducted an ROC analysis with the combination of both scales from a logistic regression analysis. The cut-off scores were then validated in the validation set, using a cross-tab, showing sensitivity and specificity of the identified cut-off scores and the number of correct and false classifications.
Patient and public involvement statement
The present study did not involve any patients or the public. 1 ). Both job control and job demands were significantly correlated with psychological well-being. Boxplots for the scales well-being, job control and job demands are shown in figure 2 . According to Karasek, the participants were categorised into four groups. The median was used to dichotomise between high/low job control and high/low job demands. The median for job control was 35 and 31 for job demands. 27.6% were classified as having high job strain and 20.4% as low job strain; 22.2% were categorised as having a passive job and 17.61% in an active job (see table 1 ).
Factors associated with psychological well-being
The results from the regression models are presented in table 3. In model 1, the associations of job control (skill discretion and decision authority) with psychological well-being are analysed. Eleven per cent of the variance in psychological well-being can be explained (p<0.001; R 2 adj=0.108). After introducing job demands (psychological and physical demands) into the model, 16% of the variance can be explained (model 2) (p<0.001; R 2 adj=0.161).
The difference in delta is significant (p<0.001; Δ R² 0.57). The association of skill discretion with psychological wellbeing persists. Psychological demands and skill discretion have the strongest association with the nurses' psychological well-being (beta=−0.252 for psychological demands and 0.273 for skill discretion). In model 3, the control variables were added. The difference in Δ R² is 0.14 (p<0.001). None of the control variables were associated with psychological well-being.
Identification and validation of sensitive and specific cut-off scores We conducted three ROC analyses in our trainings set (n=215): (1) for job control, (2) for job demands and (3) for the combination of both scales from a logistic regression analysis.
For the JCQ scale job control, ROC analysis resulted in an AUC of 0.721. On a scale from 12 to 48, the Youden index was maximal for the cut-off score of 34.5. The sensitivity for this cut-off score is 74%, the specificity 63% (see figure 3 ). All cases with a raw score of <34.5 were classified as 'low job control' (1); all other cases were classified as 'high job control' (0).
For job demands, the AUC was 0.685. On a scale of 12 to 48, the cut-off score, which demonstrated a maximum Youden index, was 31.4. The cut-off score has a sensitivity of 79% and a specificity of 58% (see figure 3 ). Cases with a raw score of <31.4 were classified as 'low job demands' (0); all other cases were classified as 'high job demands' (1) .
For the third ROC analysis, we used the predicted probabilities of a logistic regression model, containing the two scales job control and job demands. The analysis resulted Open access in an AUC of 0.778. The cut-off score for the predicted probabilities with a maximum Youden Index was 0.238. Sensitivity and specificity were 70.3% and 74.2%, respectively. The total of correct classifications (ie, true positives+true negatives) for the combination of both scales was 63.3% (see table 4 ).
The results of ROC analyses were then used to reclassify the groups according to Karasek and to determine the number of nurses with high job strain. The results show that 64 nurses (22.1%) are at risk due to high job strain (see figure 3 ).
DIsCussIOn
The main goal of this study was to determine cut-off scores for the scales job control and job demands of Karasek's JCQ in a sample of nurses in breast cancer care in Germany. The results show there is a high risk of having a poor psychological well-being when an individual reaches a score of 34.5 or below for job control and a score of 31.4 or higher for job demands. The AUCs, 0.721 for job control and 0.685 for job demands and 0.778 for the combination of both, are considered good for non-medical procedures. With a total of 63.3% correct classifications (ie, true positives+true negatives), the scales proved to have a satisfactory capacity to predict poor well-being.
Using the new determined cut-off scores for classification between the groups of Karasek, in the present study, 22.1% of the nurses were categorised as having a high job strain and 31.8% as low job strain; 26.3% were categorised as having an active job and 19.7% a passive job.
In our study sample, 97.7% were women. Since nurses working in cancer care are predominantly women, our sample is representative for this particular group. 22 45 46 Our study has shown that nurses are exposed to a high level of job strain. Screening tools for practice to recognise high health-endangering strains are therefore particularly important for this specific group. In times of shortage of skilled nurses, it is particularly important for hospitals to keep their nursing professionals healthy.
ROC analyses can only be performed for tests that provide either continuous or rating scale data. Since job strain is a dichotomous variable, calculated from job control and job demands, it is not possible to determine a cut-off score for job strain. However, the cut-off scores for job control and job demand can be used to classify between the groups of Karasek and to determine the number of persons at risk.
strength and limitations
Strengths of the study are a good database and a homogeneous sample group. The WHO Well-being Index and the JCQ are well validated and scientifically accepted scales. 
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Moreover, the study has a good theoretical basis, namely the JDC model. To our knowledge, this is the first study to determine optimal cut-off scores for Karasek's JCQ by ROC analysis for the prevention of mental disorders. Nonetheless, the study has several limitations, which may have biased the results. Among these limitations is the cross-sectional study design and missing values in certain variables, which limited the reliability of the results. The cut-off scores are population-specific and the generalisability of the results is not naturally given. Furthermore, regression analysis has shown that the JCQ and the other variables included in our model can only predict a small part of the variance of psychological well-being.
The predictive power of the determined cut-off scores coincides with the results of other studies. 47 However, it is noteworthy that there are only a few comparable studies that have determined (risk-based) cut-off scores in the field of occupational health and health promotion. In contrast to many other studies, the external criterion was not a gold standard (eg, another test, measuring job control and job demands), but psychological well-being as a dependent variable. The determined cut-off scores, therefore, differ from other scores by not discriminating between, for example, ill/not ill, but between the high/ low risk of poor psychological well-being.
Practical implications
The determined cut-off scores can provide a useful method in the practice of occupational health promotion and can help to identify persons/departments who are particularly at risk due to high job strain. The ROC curve comprises all possible combinations of sensitivity and specificity at all possible values. This offers the opportunity to assess the optimal, population-specific cut-off score to be used in practice.
The cut-off scores are easy to implement via employee surveys and can be a tool in assessing the impact of preventive measures. The method of establishing risk-based cut-off scores is therefore promising for nursing practice and generally for the field of occupational health. However, it is important to note that, for data protection reasons, it is often not possible to set individual cut-off scores at the personal level. The individual cut-off scores should therefore be calculated on an aggregated level, for example, per department. In practice, decision-makers can identify particularly stressed departments/areas and initiate preventive measures, within occupational health promotion. The described method can in this context be useful as a screening instrument, which, in the case of a high risk, should be followed by further assessments.
For nursing practice, the results of the current study show that a high number of nurses working in cancer care are exposed to a high level of strain. Nurses generally have a high level of job demands and a low level of job control, which makes them a vulnerable target group. [10] [11] [12] [13] [14] [15] The development towards more participatory decision-making, better methods of providing meaningful feedback and opportunities to reduce high work demands could be a valuable contribution to nursing practice. The revealed method to identify risk-based cut-off scores for job strain can help in nursing practice to detect and track in time the amount of nurses at particular risk.
For the workplace environment of cancer care nurses, it is especially important to track these risks due to their high level of job strain. In addition, the method described in this article can be used as a screening tool in practice by clinicians and healthcare professionals to observe the situation of employees over time or to evaluate the interventions.
COnClusIOn
In this study, we presented a method of determining cut-off scores for the risk to get psychologically ill from high job strain (i.g. low job control and high job demands). We used the WHO-5 scale as discriminator between persons at risk/not at risk. The results show that the WHO-5-scale is useful to set risk-based cut-off scores. In clinical practice, efforts to reduce workload and increase decision latitude may prevent the development of low psychological well-being. Especially among the group of cancer care nurses, who are exposed to high job strain in their daily work, these efforts are important in order to maintain long-term health and ability to work. In general, the rate of correct classifications is, with 63.3%, too small to justify interventions. But the described method can be useful as a screening instrument, followed by further assessments.
In further studies, the transferability and generalisability of the cut-off scores should be tested. Furthermore, longitudinal studies are necessary to confirm the results and the usability of the determined cut-off scores. Since working conditions are very different within different occupational groups, it is to be assumed that the cut-off scores are population-specific.
